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R74Mechanotransduction: Feeling the
Squeeze in the C. elegans
Reproductive SystemA new study reports that the RhoGAP SPV-1 senses membrane curvature and
cell stretch in the Caenorhabditis elegans spermatheca. Without SPV-1, the
cells of the spermatheca are hypercontractile, leading to deformation and rapid
ejection of the fertilized eggs. The spermatheca may provide a paradigm for
understanding how cells detect mechanical stimuli in vivo.Erin J. Cram
Mechanotransduction — the sensation
of and response to mechanical
stimuli — is essential for development,
homeostasis, and cardiovascular
health. Mechanical stimuli can induce
cell signaling through the activation
of stretch-gated ion channels [1],
and through conformational
changes in proteins that reveal
cryptic binding sites, stimulate catch
bond formation, or result in changes
in phosphorylation state or
protein stability [2]. Much of the recent
focus in mechanotransduction has
been on the role of focal adhesion
proteins, such as the protein talin
that unfolds under stress to reveal
vinculin-binding sites [3], or on cell
junction proteins that convey stresses
between adherent cells [4]. However,
membrane deformation or changes
in membrane curvature can also be
detected byBin1-amphiphysin- Rvs167
(BAR) domain-containing proteins
and converted into biochemical
signals [5]. The initial signal often
results in the production of a
second messenger such as Ca2+,
triggering actomyosin-based
contraction and/or changes in gene
regulation [2].
Despite deep insights from
biophysics and studies of cultured
cells on engineered substrates, very
little is known about how cells
convert mechanical information,
such as stretch, into the biochemical
signals that control tissue function
in vivo. A critical barrier to progress
in this field is the need for intact
systems that will enable the study of
mechanotransduction in living
animals. A new study, published in
this issue of Current Biology, now
helps to establish the Caenorhabditis
elegans spermatheca as an in vivo
model system for the study of
how cells coordinate tissue-levelresponses to mechanical input, and
identifies a novel RhoGAP, SPV-1,
which can directly detect changes in
membrane topology [6].
The C. elegans reproductive
system is a simple tube consisting of:
the ovary, in which oocytes develop;
the spermatheca, which stores
sperm and is the site of fertilization;
and the uterus, which retains eggs
for a short time before they are
laid. Oocytes are pushed into the
spermatheca by the action of the
sheath cells — myoepithelial cells
that enclose the ovary. The
spermatheca is an accordion-like
structure composed of a single layer
of 24 myoepithelial cells that
undergoes cyclical rounds of
stretch and relaxation with every
ovulation event [7] (Figure 1). Transit
of the egg out of the spermatheca
requires phospholipase signaling,
Ca2+ release, and coordinated,
directional contraction of the
spermatheca [8]. This process
repeats everyw20 minutes and can be
imaged easily in live animals with
time-lapse DIC or fluorescence
microscopy.
As is the case for other tubes of
cells [9], Tan and Zaidel-Bar [6]
show that the spermatheca is
stimulated to contract by the
activation of the small GTPase Rho.
Rho is a switch-like protein that
is converted to the GTP-bound ‘on’
state by guanine nucleotide
exchange factors (RhoGEFs), and
switched ‘off’ by GTPase-activating
proteins (RhoGAPs), which stimulate
the hydrolysis of GTP to GDP [10].
Activated RHO-1/Rho works through
downstream effectors, such as the
kinase LET-502/ROCK, which
promotes contraction through
phosphorylation of the non-muscle
myosins NMY-1 and NMY-2. These
genes have been studied extensively
in the context of embryonicelongation, where contraction is
required for the round embryo to
assume a worm shape [11], and act
similarly in the spermatheca to
contract the cells and expel the
fertilized egg [8]. External mechanical
forces can regulate Rho activity
and cellular contractility [12]. For
example, airway smooth muscle
cells adjust their contractile
behavior in response to cyclical
stress [13]. However, how
mechanical signals lead to the
activation of Rho is not well
understood.
Tan and Zaidel-Bar [6] report the
discovery and characterization of
the RhoGAP spermatheca
physiology variant 1 (SPV-1). SPV-1
is a 110 kDa protein with an
amino-terminal F-BAR domain, a
central membrane-binding C1 domain,
and a carboxy-terminal GAP domain.
F-BAR domains are a-helical
interaction domains that dimerize and
preferentially bind to curved
membranes, linking the cell cortex
with cytoskeletal regulation
in many different contexts [14].
The multidomain structure of SPV-1
suggests that it may be a key signal
integrator and feedback controller in
the spermathecal response to oocyte
entry.
In wild-type animals, there is a
significant delay between oocyte
entry and the contractions that move
the egg forward. During this time,
the chitinous egg shell is secreted
and the shape of the embryo is set
[15]. In spv-1 mutant animals, the
spermatheca initiates strong
contractions immediately upon
oocyte entry and tries to expel the
fertilized egg before the eggshell is
fully formed. The spermathecal-uterine
valve often constricts before exit is
complete, resulting in oddly shaped
eggs [6]. This ‘rapid transit’
phenotype indicates that SPV-1 is an
important negative regulator of
contraction in the spermatheca. We
postulate that cell contractions begin
when RHO-1 activity reaches a certain
threshold, with SPV-1 serving as a
timing mechanism by preventing
RHO-1 activation and premature
contraction.
Several lines of evidence suggest
that SPV-1 acts as a negative
regulator of RHO-1. The RhoGAP
domain of SPV-1 is highly conserved,
and interacts directly with RHO-1.
Figure 1. Oocyte entry stretches the sper-
matheca and reduces curvature of cell
membranes.
(A) A DIC image of an adult hermaphrodite
displaying stretched (left) and relaxed (right)
spermathecae overlaid in green. (Images
depict expression of the Rho activity sensor,
AHPH::GFP [6].) Confocal maximum projec-
tion images of (B) spermathecal cells
stretched by an oocyte, and (C) a relaxed
spermatheca displaying curved cell mem-
branes. Scale bar, 10 mm. (Photo: Jeffrey
Bouffard.)
Dispatch
R75The loss of spv-1 is correlated with
increased Rho activity and can be
suppressed by inhibition of RHO-1.
Using a fluorescent biosensor of
Rho activity, the authors demonstrate
that membrane-localized SPV-1
keeps RHO-1 inactive. Oocyte entry
stretches the cell membranes,
displacing SPV-1 and allowing the
activation of RHO-1 by an unknown
GEF. The effect is most pronounced
at the narrow entry to the spermatheca,
where the cells are presumably
stretched significantly during oocyte
entry. After the egg is expelled
through the spermathecal-uterine
valve, the cells of the spermatheca
relax. As the cells return to the relaxed
state, SPV-1 re-localizes to the cell
membranes, inhibiting RHO-1 and
resetting the tissue for the next
ovulation.
SPV-1 is part of an emerging gene
network regulating egg transit
through the spermatheca. Two other
major regulators of this process have
been discovered: FLN-1/filamin, a
molecular strain gauge that binds to
actin and to a wide assortment of
membrane and cytosolic proteins [8];
and the phospholipase PLC-1/PLCε
[16]. PLC-1 generates inositol
1,4,5-trisphosphate (IP3), which
stimulates the IP3 receptor to
release Ca2+ from the endoplasmicreticulum and activate actomyosin
contraction [16]. In plc-1 or fln-1
mutant animals, oocyte entry is
normal, but the embryo does not exit,
becoming trapped in the spermatheca
[8,16,17]. PLC-1, an epsilon class
phospholipase, is unusual in that it
possesses Rho interaction sequences
within the catalytic domain. In
mammalian cells, PLCε is activated
by Rho [18]. This raises the exciting
possibility that SPV-1, a RhoGAP,
may prevent premature activation
of spermathecal contraction by
inhibiting the activation of PLC-1 by
RHO-1.
F-BAR-domain-containing proteins
similar to SPV-1 are found in all
metazoans [14]. For example, the
human ortholog — the tumor
suppressor PARG1/RhoGAP29 — is
a BAR- and C1-domain-containing
GAP with in vitro activity toward Rho,
Rac, and Cdc42 [19]. The function of
F-BAR-domain-containing GAPs
in vivo is not fully understood,
perhaps because genetic redundancy
or pleiotropic phenotypes hinders
analysis in many cases. Because
spv-1 has a striking, fully penetrant
phenotype without adversely
affecting viability, spv-1 provides
an excellent opportunity to further
explore the function of these
important regulators in
mechanobiology.
In summary, Tan and Zaidel-Bar [6]
demonstrate that F-BAR domain
proteins can couple membrane
topology to Rho activation and cell
contractility in vivo. Given the strong
conservation of the proteins involved,
it seems certain that similar
mechanisms will govern the behavior
of other biological tubes as they
balance external forces, such as
flow and pressure, with appropriate
contraction. In addition, this paradigm
is likely to be relevant to other
situations in which membrane
curvature changes produce a
biological signal, such as cell
migration, tissue morphogenesis
and wound repair.References
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